A differential expression screen for sex-determining genes in the embryonic chicken gonad revealed a novel gene called Female Expressed Transcript 1 (FET-1). Fluorescent in situ hybridization analysis mapped FET-1 to the female specific W chromosome. Whole mount in situ hybridization showed that FET-1 expression was restricted to females and up-regulated in the cortex of the left gonad during the sexdetermining period. Female specific expression was also observed in the embryonic caudal somites, neural tube and waste collection ducts. q
Results and discussion
Sex determination in birds is chromosomally based with males being ZZ and females ZW. In ZZ chicken embryos, bilateral testes develop much as they do in mammals. By contrast, in ZW chicken embryos only the left gonad develops as a functional ovary, while the right gonad regresses to a vestige. In mammals, the SRY gene initiates testis development and male sex determination, however no SRY gene has been identified in birds and the basic mechanism of avian sex determination remains unknown. Sex may be controlled by Z chromosome dosage (two doses in males, one in females) or it may depend upon a dominant ovarian gene carried on the W chromosome. Research has focussed on isolating a W-linked ovary-determining gene. Five genes are known to map to the female specific W chromosome in chickens: ATP5A1-W, EAVH2, CHD-W (Ellegren, 1996 (Ellegren, , 2002 , SPIN-W (Itoh et al., 2001) and ASW (O'Neill et al., 2000; and unpublished data; Hori et al., 2000) . However, all of these genes have Z chromosome homologues and lack an expression profile consistent with an ovary-determining role.
A partial Female Expressed Transcript 1 (FET-1) transcript was isolated from a differential expression screen of male and female chicken embryonic gonads during the sexdetermining period (4.5-6.5 days incubation). A full-length FET-1 transcript was isolated by screening a chicken urogenital ridge cDNA library. FET-1 encodes a 434 amino acid open reading frame (GenBank Accession number: AY113681). The putative FET-1 protein is predicted to contain a signal peptide and a trans-membrane domain. We have analyzed the expression of FET-1 using whole mount in situ hybridization. FET-1 was observed in three tissues in chicken embryos -gonad, nervous system and waste collection ducts. At all three sites, FET-1 expression was female specific; no expression was detected in males. Expression in the non-gonadal sites (waste collection ducts and neural tissue) was substantially weaker as these tissues required ten-fold more time to detect FET-1 transcripts.
FET-1 gonad expression was first seen at 3.0 days (Hamburger and Hamilton Stage 20) (Fig. 1a) , the time at which the gonad first appears as a discrete structure (Romanov, 1960) . Expression was relatively low, but equal between the left and right gonads from 3.0 days (St20) till 4.0 days (St24). At 4.5 days (St25) there was a dramatic increase in FET-1 expression in the left developing ovary (Fig. 1b) . Asymmetrical expression in female gonads was seen from 4.5 days (St25) to 6.0 days (St29) (Fig. 1b,c) . At 6.5 days (St30), only 6 h after asymmetric expression was seen, FET-1 expression sharply declined in the left gonad (Fig. 1d) . FET-1 expression was clearly stronger in the cortex of the developing ovary compared to the medulla (Fig. 1e,f) . The cortex of the bipotential gonad is the site FET-1 also showed female specific expression in caudal developing somites and neural tube. The earliest expression noted in caudal developing somites was 2.5 days (St18). As embryos developed, FET-1 expression was always restricted to the most newly formed somites. As a consequence, somitic FET-1 expression became progressively more posterior over time (Fig. 2a-c) . FET-1 expression was also detectable in the caudal portion of the neural tube from 2.5 days (St18) (Fig. 2a-c) . In both 3.5 day (St21) and 4.5 day (St25) embryos FET-1 was only expressed in the caudal portion of the neural tube associated with the tail tip (Fig. 2b,c) . At 3.5 days (St21) the neural tube expression began to pool in the tail tip (Fig. 2b) . The expression in the embryonic tail intensified toward the tip and was strongest at 4.5 days (St25) (Fig. 2c) . There was no evidence of FET-1 expression in the neural tissue of male embryos at any stage.
FET-1 expression was first seen in female waste collection ducts at 2.0 days (St15) (Fig. 3a) . At 4.0 days (St24) mesonephric duct expression was seen clearly for the first time (Fig. 3b) . FET-1 expression was observed in mesonephric, metanephric and ureteric buds, weakly in 5.0 day (St27) and more strongly in 6.0 day (St29) urogenital systems (Fig. 3c,d ). Waste collection duct expression was lost by 6.5 days (St30). No expression was ever observed in male waste collection ducts.
The full-length FET-1 cDNA was fluorescent in situ hybridization (FISH) mapped, along with a 6.5 kb EcoRI ASW genomic subclone as a W chromosome marker (O'Neill et al., 2000) . FISH analysis of FET-1 mapped it as a single signal to the tip of the short arm of the W chromosome, within the ASW tandem repeats (Fig. 4a-d) . There was no FET-1 signal observed on the Z or any other chromosomes.
The spatial and temporal expression profile of FET-1 and its location on the chicken W chromosome suggest a potential role in ovarian development. Targeted disruption and overexpression of FET-1 will elucidate its role in female gonadogenesis.
Methods

Sexing chicken embryos
DNA was extracted from a small amount of tail tissue from each chicken embryo for sexing by PCR (O'Neill et al., 2000) .
Sequence analysis
Sequencing of FET-1 cDNA clones was performed using the Perkin-Elmer Big Dye kit. The nucleotide and deduced amino acid sequence was assembled and analyzed using MacVector 7.0 (Oxford Molecular). Protein sequence similarities and domains were searched for in BLAST, Doubletwist and CBS databases (www.ncbi.nlm.nih.gov/blast, www.doubletwist.com, www.cbs.dtu.dk).
Digoxigenin (DIG) whole mount in situ hybridization
White Leghorn/Australorp chicken eggs were incubated at 37.8 8C until desired stages. Embryos were dissected and underwent DIG whole mount in situ hybridization as described previously (Andrews et al., 1997) . A 630 bp PCR fragment from the 3 0 end of the FET-1 cDNA clone was used to generate antisense and sense riboprobes. A 151 bp PCR fragment from the 5 0 end of the FET-1 cDNA clone was used to generate antisense and sense riboprobes for the 4.5 day (St25) sectioned embryos.
FISH
A 6.5 kb EcoRI ASW genomic subclone was biotin labelled and a 2754 bp FET-1 cDNA clone was DIG labelled using the Boehringer Mannheim DIG nick translation labelling mix. FISH was performed as described previously (du Sart et al., 1997) . Metaphase chromosomes were prepared from primary chicken fibroblasts. Mouse anti-DIG (Roche) and anti-mouse avidin-FITC (Roche) antibodies were used to detect DIG labelled DNA. An avidin-Texas Red (Vector) antibody was used to detect biotin labelled DNA.
